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" This 1nvent10n relates to ‘a process f01 the_

production of hydrogen from steam and more par-
ticularly to stch g, process inyolving the use of an
improved catalyst. “This application is a division

- of ‘my application Serial Number 457 500 filed

)

May 29, 1930 (patent number . 1,836, 919 1ssued
December 15, 1931). - ‘

" The decomposmon of Wate1 by means of in-
candescent carbon, as. in -the preparation of
water gag, takes place accmdmg to the follow-

U ing equation: .
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@ 2C+2H20 200—{—21{3——572 kg cals.

. At lower tempera«,ules below 1,000 degrees C,
.COs is formed in-addition to the CO 1n accmd-
ance with the equation:

(XY CH-2HO— COz+2Hz——18 0 kg cals
A stete of equilibrium, depending on the tempera—

ture; is set Up hétween the €O and the COgq, which .

equilibrium is 'displaced at high témperatures “in
favor of the CO.. Sinee, theoretically, the forma-
tion.of hydrogen according to - Wauation IT gives
rise to 2 gaseous mixture free from carbon mon-

oxide, and,-in addition, requires a much smaller =
expenchture of heat, it would be of advantage to

prepare hydrogen from steam in accordance with
that equation. The gaseous mlxture obtained at
the lower temperatire range would also be most
suited for the commercial recovery “of hydrogen
gas, since - the removal of carbon diokideis easier
in practice than is the' elimination of carbon
monoxide.

tical working due to its orogr s1ve decrease W1th
lower temperatures.

-Attempts have been fxequently made to over-
coms this indonveniende in orderto malke possible
‘the divect recovery of hydrogen, almost free from
carbon: monoxide by conducting the, process -in
accordance with Equation .II. - In. order to in-

" crease the-velocity. of ‘the 1eacmon it has been

- line earths.

Y

pbroposed, inter alia, to'employ, as catalysts, hy-
drates:or carbonates of the alkalis, or'the corre-
sponding ‘water-soluble compounds of .the alka-
“According to theseé known processes
materials contammg carbon and 1mpregnated
with thé ‘said water- soluble compoinds -were to

. beexposed, in an incandescent state, to the actlon

‘of ‘ordinary or super—heated steam, -

At the temperatures at which ‘the -
équilibrium “defined. in Bquation IT takes place,
. the reaction velocity. is much” too slow for' prac=

(CL 23‘—-—212)

ever, did not ‘prove -successful, and consequently,

“The proposals advanced in this direction, how- ~

for the'commercial recovery: of “hydrogen; the

water gas process-was allowed to proceed at high

temperature;-‘the carbon monoxide being then ...

removed from the resultlng gaseous mlxture in

- & separate operation.:’
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~The present invention solves, 1n the ﬁrsb place, S

the problem of the direct production of a mixture

of-hydrogen and carbon dioxide, low in, ot free .. =~

from, carbon monoxide, by the action of steam' on
carbon - (or solid substances containing :carbon),

in the presence of -additions which accelerate the.

reaction; and under conditions: substantially ap-
proxuna.tmg Equation II of the water gas process.

“According to the invention, the process.is.con=

ducted with:the employment of magnesia, mag-

nesium carbonate or “magnesium ‘hydroxide,-as".
catalysts, at a temperature which, ‘though above .
the -decomposition :temperature -of ma.gnesmmj;_ L

g

“carbonate, doés not substantially exceed 750° C

60 ..

‘The invention is based.upon the fact that the

‘equlllbna associated. with the reactxon
2C0=2C+COy,

are of demswe importance. for the productmn of
hydrogen free- from .carbon’ monoxide.
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“From:"
this point of view, the temperature of 500° C. -

is the most favorable temperature for the reac- ‘
tion, in that, at this temperature, the equilibrium. ..~

_is practically completely displaced, in favor of.

carbon dioxide. - Above.500° C., CO:'in the pres-
ence:of C,1s reconverted:into CO to an increasing
.extent as the: temperature rises; 5o -that, for the

foxmatlon of ‘a’ gaseous ‘mixture low"in’ carbon ::

monox1de “"the range. of temperature above 750°

. C.-is:not ‘longer to be considered.. Below- 00-

-750° C.; however;: ‘the- reaction velocity of’ the hy-
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drogen- process.is: already “retarded toisuch an -
extent that the reactmn cannot be carried-out on- -

a techmca,l ‘scale.
of finding: an effective” and ‘insensitive ‘contact

The problem therefore arose.
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mass Wthh will enable the reactlon velocity of -

-the formation of hydrogen to be sufficiently in--
.creased-in the: ‘range- of temperatule below 750°.

C. . A mixture of carbon with magnesium car-
‘boénate has been found admirably suited for the
purpose. - This is based on the relatively low de-
composition temperature of magnesium- carbon-
ate, which can’be reduced to eveir below 500° C.
by d11ut1ng the gas phase with steam; and thereby
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2.

» ,lowermg the pa1t1a1 p1essu1e of the calbon

_dioxide.

At 500° C. the reactlon
Mgcogf_Mgo+co), ,

-oceurs to form an equilibrium, when the amounts

" of steam employed correspond to the stoichio-

- 'metrical .proportions of . Equation -IT, -or- only

: et
10 Magnesium
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- the descending charge:
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to restore the desired ma@nesmm -oxide-charcoal .
-ratio, and the resulting mixture is returned into

“sufficient “amount.

slightly exceed - those Pproportions.
carbonate therefore has the capacity of rapidly

absorbing, and again parting with, ‘carbon .di-"

oxide in the hydrogen process conducted.in ac-

cordance with Eguation IT, at the optitnum’ tem-ﬁ

perature suitable for reliably preventing the for-
mation of carbon menoxide,

carbonate. According to'the invention, the per-

formance of the hydrogen process with the use.-
of magnesium carbonate as catalyst, at tempera--
tures which do not substantially exceed 500° C.,

enables hydrogen practically free from’ carbon
monoxide, to be obtained directly.. .

© If, for example, wood charcoal be mixed. with
magnesium carbonate, in the proportions of 100
parts:by weight -of : charcoal: {0::5-25 paris by
weight of magnesium carbonate, and such mix-
ture be. treated, ‘at- about . 500° C. with the

.stoichiometrical amount of steam (corresponding
.to 2 molecules. of F20 to 1.mol. of C), the reac-

tion proceeds in practical:accordance with Equa- ’
" tion II and with quite sufficient velocity..: The-

process is also: of importance for the production
of “mixtures of hydrogen and catrbon .dioxide.
However, since, as is known; the carbon: dioxide

.can be easily separated froin this. mixture, the

process primarily affords a practically -applicable

‘method for. the recovery of pure hydrogen.

. Of ‘¢ourse, magnesium -oxide or- hydroxide,

.which are immediately.converted into magnesium
“carbonate, can be infroduced into the reaction

in place of magnesium carbonate. The process

‘can’ also ‘be. carried out with -crude materials

which- contain magnesium oxide or hydroxide in

tered in composition ‘and active, without regen-
eration; so that only the gasified carbon has to -be
replaced. - Since the course: of the reaction for
the formation of hydrogen in accordance with

‘Equation II is slightly endothermic, the reaction

tempelature of approximately 500° C. ‘can :be

‘malntamed by the application of a Ve1y small

amount ‘of heat , ;
S >
) E:nample :

An intimate mlxture of wood charcoal and cal—

,cmed maonemte and oontammg, for example, 1

pvart. by Welght of magnesium oxide. for every 4

parts by weight of charcoal, is .allowed tc de-

scend through an externally heated shaft furnace
in whlch the confact mass is 'maintained at about
500° C. - Steam is passed in counter flow, through
The contact mass, low
in charcoal, issuing at the lower end of the shaft
is- again- rmxed with sufficient added charcoal

’ .the top. of the shaft furnace, thus permitting ‘g,
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:30-40%

cyclic operation of the process. -In'this manner,
stance. can be converted per hour.
furnace may also be replaced by 2 rotaly tube
furnace, operated in a similar manner.

If the carbon -dioxide be removed-from the re-

‘sulting mixtures with hydrogen (free from cat-

This -is not the .

case, either with the alkali carbonates or calcium’
. to free water gas from carbon monoxide by sub~

‘The “catalyst -remains unal-

of the introduced carbonaceous- sub-
The shaft

1,926,587

kon monecxide)  in the known manner, .for ex-
ample by washing with water under pressure,

“this very: simple process furnishes perfectly pure

hydrogen, in. a direct manner, that is, without
any chemical purification being required.

The value, as an improvement, of the present
process which, by the employment .of .a very
cheap and insensitive contact mass, solves the
problem of the direct gasification of a carbona~-

" geous material such-as charceal, in the presence

of-steam, to form hydrogen low in, or free from,
carbon monoxide, and also enables the complete

“subsequent elimination of carbon monoxide from

mixtures of the same kind containing the latter,
becomes particularly apparent by comparison
Wlth the said known process which merely aims

sequent oxidation with the aid of expensive and
sensitive catalysts.

. The term “an oxygen compound of magnesium”
as used in: the appended claims is intended to
include only magnesium oxide, substances yield-
ing magnesium oxide on being heated up to the

“temperatures occurring in the. present process,

and mixtures of magnesium oxide with substances
vielding magnesium oxide under the temperature
conditions of the present process,. such as more
particularly magnesium carbonate

“What is claimed is:

1. The process of -obtaining hydrogen, includ-
mg Yeacling steam with an infimate mixturée of

solid carbonaceous material and a catalyst.com-

v ﬁpl ising an oxygen compound of magnesium.

2. The process of. optaining hydrogen, includ-
ing reacting steam with-an intimate mixture of a
solid carbonaceous material and a catalyst com-
prising an oxygen compound of magnesiuin at a
temperature of substantially 500° C.

" 8. The process.of obtaining hydrogen, includ-
ing reacting ‘steam with a mixture of charcoal
and magnesium carbonate.

- 4. The process of obtaining hydrogen, includ-

“ing reacting steam with a mixture comprising

100 parts of charccal and .5 to 25 parts of ‘mag-

.nesium carbonate.’

. .5, The process of obtaining hydrogen includ-

Jing reacting steam with -an intimate mixture of

5 solid “carbonaceous material and a catalyst
oompnslng magnesium oxide.
6. 'The process of obtaining. hydrogen, includ-

ing reacting steam with an 1nt1mate mixture of

a solid carbonaceous material and a catalyst com-

-prising magnesium hydroxide.

7.-The’process of obtaining hydrogen, includ-

i ing reacting steam with a mixture comprising

100 parts of charcoal and 5 to 25 parts of mag-
nesium corbonate, the steam being present in the
stoichiometrical amount of two molecules of
H2O to.1 molectle of ‘carbon.

8. The process of obtaining hydrogen, includ-
ing reacting steam with a mixture of a carbona-
ceols material and an oxygen compound of mag-~
nesium -at o temperature not substantially’ ex-
ceeding 750° C., whereby to form ‘hydrogen and
carbon d10x1de accordlng to the equation:

C+2:Izo =C02-}2H2—18.0 kg. cal.;
and wa.shmg the so-foxmed reaction products

-with water under pressure to remove the .carbon

dicxide. :
9. The process: of obtaining hydrogen, includ-

of the group congisting .of magnesium carbon-
ate, magnesium - oxide, magnesmm hydroxide :
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ing passmg steam and a mixture of a carbona- -
_Ceous. material and an o‘iymagnesmm compound
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m counter-currenb through a reactmn chamber
- maintained at a temperature not substantially
exceeding 500° C., whereby to form hydrogen and

- carbon dlox1de accordmg to the equation::

5

C+2H:0= COz+2H2—180 kg. cal.;
w1thdrawmg the evolved ga.seous ‘mixture and
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washing the same with water under pressure to
réemove the carbon dioxide;’ replemshmg the
spent reaction mixture with added carbonaceous

~.- material, and retirning the replemshed reactmn
" miixture. to the process.

- FRITZ HANSGIRG.~
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